The aim of this study was to compare transgenic and conventional soybean cultivars in regard to yield performance and agronomic traits. Six soybean cultivars were tested: three conventional cultivars and their three isogenic transgenic derivatives, in two locations, Lavras and Patos de Minas in Minas Gerais, Brazil, in the 2012/13 crop season. Data on yield (kg•ha −1 ), plant height (cm), and tolerance to lodging were collected. The cultivars had different responses. The cultivar BRS/MG46 Conquista had lower yields than its isogenic derivative BRS Valiosa RR, but this was not seen with the conventional cultivar M-SOY 6101, which produced more than its isogenic derivative M-SOY 7211 RR. Between the isogenic cultivars BRS/MG68 Vencedora and BRS Favorita RR, there were no significant differences. Nevertheless, the contrast between the mean values of the transgenic and conventional cultivars shows that the conventional cultivars had mean values greater than the transgenic cultivars.
the seeds/grain have made it one of the main nutrient sources for animals and humans. Due to its strategic function, this leguminous plant has become a highly traded commodity on the international market and is now an important alternative for income for farmers throughout the world.
In Brazil, soybean growing has become one of the most expressive economic activities in domestic agriculture. It is currently the most grown crop in the country and is one of the main sources of foreign currency in agribusiness and for the Brazilian commercial trade balance as a whole. Brazil is the second largest producer of the grain, with production of around 90 thousand tons [1] .
Soybean growing in Brazil has followed the rise of a series of technological innovations throughout its history that over time have been refined and incorporated in the productive process. In the 1990s, Brazilian producers witnessed the expansion of transgenic soybean cultivars in the USA and Argentina. Already at the end of this period, the technology began to be tested in Brazil, sparking interest in Brazilian farmers through the ease of growing transgenic soybean compared to conventional soybean. Although transgenic soybean that is resistant to glyphosate herbicide has been grown in Brazil since the end of the 1990s, it was legalized only in 2005. As of that time, transgenic events have come to be incorporated in Brazilian cultivars.
Throughout the period of development of transgenic technology, some reports have arisen questioning the yield efficiency of these transgenic cultivars when compared to conventional cultivars. Since then, studies have been carried out to compare these two types of crops, transgenic and conventional, and it is possible to find various results with different conclusions on the matter in the literature [2] [3] [4] [5] [6] .
Glyphosate herbicide-resistant soybean is currently grown on most commercial soybean cropland in Brazil [7] . Transgenic crops were one of the technologies most rapidly adopted in agriculture and, currently, in addition to resistance to herbicide, use of the recombinant DNA technique clears the way for the creation of multiple possibilities of transgenic events. Within this scenario, comparative studies between transgenic and conventional soybean cultivars become important [8] .
In light of the above, the aim of this study was to compare transgenic and conventional soybean cultivars in regard to yield performance and agronomic traits in the region of Lavras and Patos de Minas, Minas Gerais, Brazil. Soybeans were planted in the first half of November 2012 in a no-tillage area and inoculation was performed on the plant furrow with liquid inoculant soon after planting. Fertilization followed the recommendations of the Soil Fertility Commission of the State of Minas Gerais [9] and was carried out in the planting furrow with 400 kg•ha −1 of the commercial formula 2-30-20. Twenty-five days after germination, the plants were thinned, leaving 12 plants per linear meter. The other crop treatments were carried out in a uniform manner in the experimental area according to the procedure indicated by [10] .
Material and Methods

In
The experimental plots consisted of two five-meter rows at a spacing of 50 cm between rows, making up a ) at 13% moisture, plant height (cm), and the lodging score, which was obtained according to [11] , adopting the following scoring scale: 1 for all plants upright, 2 for some plants bending over or slight lodging, 3 for all the plants moderately bending over or 25% -50% lodging, 4 for all the plants severely bent over or 50% -80% lodging, and 5 for plants with more than 80% lodging.
The results obtained were subjected to combined analysis of variance per location and the mean values were compared by the Scott-Knott test at 5% probability. Statistical analysis was made with the assistance of the SISVAR statistical package [12] . Experimental precision was evaluated by the accuracy estimate [13] using the following estimator (Equation (1) 
In which: r accuracy expressed in percentage; F c F calculated value. Contrasts between the conventional and transgenic cultivars were also estimated so as to characterize differences between the mean values of the traits evaluated. The confidence interval test between the two mean values was used for this analysis through the SISVAR statistical package [12] .
Results and Discussion
From the summary of analysis of variance (Table 1) a significant difference (p ≤ 0.05) was observed for all the traits evaluated-grain yield, plant height, and lodging score. Only the location factor did not show a significant difference for yield.
The accuracy estimates reflect the precision of the experiments carried out and also the existence of variability. According to [14] , accuracy estimates greater than 70% are considered to be of high magnitude, which was observed for all the traits evaluated, showing the high precision of the experiments.
The mean values for yield showed variation between the three pairs of isogenic cultivars studied, with the greatest difference found between the cultivars M-SOY 6101, with a mean yield of 2988.23 kg•ha −1 , and its isogenic counterpart M-SOY 7211 RR, with a mean yield of 2265.36 kg•ha −1 , where the conventional cultivar had 31.9% greater yield, just as found by some other authors [3] [15] . As for the isogenic cultivars BRS/MG 46 Conquista and BRS Valiosa RR, the mean values varied from 2244.00 kg•ha −1 to 2885.43 kg•ha −1 ( Table 2) , with the transgenic cultivar standing out, with 28.5% greater yield than the conventional cultivar. The third pair of cultivars studied, BRS/MG68 Vencedora and BRS Favorita RR, did not show a significant difference, just as shown by [6] in the state of Parana, Brazil
The estimated contrasts ( Table 2) , comparing the overall mean values of the conventional and transgenic cultivars, show that in this study, the conventional cultivars had greater mean yields when compared to the mean yields of the transgenic cultivars.
For the plant height trait, in contrast with the result found by [3] , the conventional cultivars exhibited greater mean values, which were confirmed by the contrast ( Table 2) . Among the pairs of isogenic cultivars, there was no significant difference only for the cultivars BRS/MG46 Conquista and BRS Valiosa RR. For the other pairs of cultivars, the conventional cultivar exhibited height superior to the transgenic version. According to [16] , the ideal height for mechanized harvest ranges from 60 to 120 cm; thus, the cultivars evaluated exhibit an ideal mean value.
The lodging score, a trait which is directly related to plant height, varied according to height, with the conventional cultivars having the highest scores, representing a greater degree of lodging, since they also exhibited plant height greater than the transgenic cultivars. However, all the cultivars exhibited a lodging score within the ideal range, without hindering mechanized harvest.
The different cultivars showed variation for the traits evaluated. The estimated contrasts clearly show the significant difference between the mean values of the conventional and transgenic cultivars ( Table 2) . For all the traits evaluated, the contrasts show that the conventional cultivars had mean values greater than the transgenic cultivars.
The superiority of conventional cultivars in the traits of yield and plant height may be explained by the fact of introduction of an exotic gene in the transgenic cultivar, which makes the plant able to produce new substances and tolerate the herbicide, according to [5] . This change in the genome may cause different behavior in the transgenic plant compared to the conventional isogenic counterpart.
In Brazil, it may be seen that the greatest argument for adoption of transgenic soybean is reduction in the cost of production, with around 85% lower cost on herbicides compared to the conventional system. In contrast, among the arguments against transgenics, the low yield of transgenic soybean in relation to its conventional version is mentioned [17] .
Conclusion
The cultivars exhibited differential response. The cultivar BRS/MG46 Conquista exhibited lower yields than its isogenic derivative BRS Valiosa RR, but this was not seen with the conventional cultivar M-SOY 6101, which produced more than its isogenic derivative M-SOY 7211 RR. Between the isogenic cultivars BRS/MG68 Vencedora and BRS Favorita RR, there were no significant differences.
